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PBPK Modeling
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QSAR

A technique used to quantify differences between biological activity 
and that of a molecular structure  
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Log (PPB) = F1x1 + F2x2 + F3x3 + F4x4 + …Fnxn + ΔX

Fitted by multiple linear 
regression (MLR)
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In Silico Modeling Toolkit
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QSAR Endpoints

Organophosphates
•Acetylcholinesterase Bimolecular Rates
•Butyrylcholinesterase Bimolecular Rates
•Carboxylesterase Bimolecular Rates
•Trypsin Bimolecular Rates
•Chymotrypsin Bimolecular Rates
•Acetylcholinesterase Dealkylation (Aging)
•Butyrylcholinesterase Dealkylation (Aging)
•Acetylcholinesterase Reactivation Rates
•Butyrylcholinesterase Reactivation Rates

Oximes
•Reactivation Rates
•Dissociation Rates

Reversible Cholinesterase Inhibitors
Tissue/Blood Partition Coefficients
Plasma Protein Binding
Metabolism
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Introduction to Plasma Protein 
Binding

Plasma Plasma ProteinsTissues

HSA
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Gunturi SB et al. Bioorg Med Chem. 2006. Jun 15;14(12):4118-29.
Ding et al. Chem. Res. Toxicol. 2008. Aug 16; 21(9):  1787-1794. 
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Measuring Plasma Protein Binding

Equilibrium dialysis Ultracentrifugation
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Set of Investigated Compounds
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inData on the percent fraction of 
compounds bound to human plasma 
proteins was taken from Votano et al. 
2006.
Largest published data set available.
High level of chemical diversity.

Percentage data were converted into an equivalent binding affinity kA, with the following 
formula derived from the law of mass:  logkA = log ([fb] / (1 - [fb]) – log[HSA])

Description % of database

One or more ring 
structure 97

One amine 61

Hydroxyl group 39

Amide group 35

Carboxylic acid 
group 25
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Results
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Physiochemical Descriptors

• Ampac 8.0 and Codessa 2.7.10
• Set of 810 Descriptors
• 190 removed after pre-filtering

• Highest linearly correlated 
descriptor

• Relative number of 
Carbon atoms
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Results : Multi-linear Regression

Data taken from Votano et al. 2006
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Results: Principle Component 3D 
Biplot

MatLab 2009b.  Data taken from Votano et al. 2006
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Results : Variance Explained by PC’s

MatLab 2009b. Data taken from Votano et al. 2006
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Results: PC1 vs. PC2 vs. PC3

MatLab 2009b. Data taken from Votano et al. 2006
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Future Directions

• Further analyze data
• Develop randomized test set and AD to evaluate 

model robustness.
• Introduce new regression techniques to improve 

correlation.
• Ridge Regression
• Neural Networking
• Support Vector Machine Learning 

• Apply predictions to PBPK/PD models
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